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Spatiotemporal characteristics and sources of dissolved inorganic nitrogen in the Dagu River, Jiaodong Penin-

sula, China
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(1.College of Chemical Science and Engineering, Qingdao University, Qingdao 266071, China; 2.Key Laboratory of Coastal Environmental
Processes and Ecological Remediation, Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China)
Abstract: Rivers discharge large amounts of nitrogen into the oceans, which has caused increasing concern worldwide. The Dagu River is
the largest river in the Jiaodong Peninsula, and the estuary has higher inorganic nitrogen and reactive phosphate concentrations than the en-
vironmental standard for long period. As such, the estuary is a critical zone to control the land-based sources of pollutants into the ocean.
River water and possible pollutant sources were collected three times considering seasonal differences in 2018 and 2019 to determine the
dissolved inorganic nitrogen (DIN) concentration. The spatiotemporal variation, controlling factors, and possible sources of DIN were ana-
lyzed using non—parametric test, cluster analysis, and Pearson correlation analysis. The DIN concentration exhibited a significant seasonal
difference (P<0.05), which was high in the dry season and low in the wet season. The seasonal variations in DIN were mainly affected by
precipitation, temperature, and dissolved oxygen (DO). Spatially, the upstream NO;=N concentration was higher because of the potential
non—point source emissions from fertilizer application and rural domestic wastewater discharge. The NHi=N concentration was higher in the
tributaries than in the main stream, which was attributed to the possible discharge of domestic sewage, industrial wastewater, and livestock
wastewater. The DIN concentration was low in the middle and lower reaches owing to the interception and retention by cascade dams.

Keywords: dissolved inorganic nitrogen; spatiotemporal characteristics; influencing factors; pollution sources; Dagu River
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Figure 1 Location map and sampling sites of Dagu River Basin
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Table 1 Water sampling information of Dagu River basin

Ff i Sample FAE 2B Number FAE RS Date
K 20 2018.08.2018.10.,2019.01
HZH K 5 2018.08.2018.10.,2019.01
KAFEIK (/) 2 2018.06—2019.01
T IKARERTHEK 3 2018.05
TEWEHEK 2 2018.04.,2018.10

H AR A0 RAT SRR AL SRS R84 0.45 pum
) TG TR £ A48 3t 0, AR fel P AA3 B 3% 252 3 50 0 B
A (HE [ Seal 23 w] ) U E FE & P A AH S E(NO-N) V&
ANHI-N) A A A (NO--N) W JEE & H R Y8 5
pg + L7 05 A AR XS A HE i 22 5391 N 2.2% . 2.0% Al
3.9%.
1.3 ARFE

T I Z AR AR 2 802 S T IR - 35 A B AL
K36 (Jonckheere—Terpstra test )" ] i Wi ) £ g (&
2) W 22 SR T (P<0.05) o SR, X AN ]Ik
SUYIRT A 000 T 1T P DIN B2 s R4 AR AL AL B, I
K B 227 F1(Ward’ s method ) 1 ¥R FG i 124 7%
(Squared Euclidean distance ) #4722 #7200, DL 5
Y] gt A [] M 0 DR TR DIN Ve JBE i1 2 ) 22 Sk o R
Pearson J5 {2:%F DIN W& i 430l S5 B K RRAE 2R 1)
FHOCAE AT 00T o ABFFER AT AreGIS 10.2 it 4y
7% ) K 4 4 FE 3 SPSS 23.0 . MATLAB R2015b
Hl Excel 2007 S8 e T Bl GE T o0 S 222101

2 GHRESW

2.1 A DIN iR EFETHHER FASERK

T K A A A R A A A &L & DIN
e B T A B AN 36 2 BT o DIN 78 K309 K 30
ity 7K A B P 2 B 4300 210,237 mg - LRI 5.68
mg- L, EHHLE AR 22 7 (P<0.05) . Hh,NO:-N
7E DIN W (1 & B 05 3, = AN 1 O 38 ¥k i ok 3.03

mg - L7, HAE 7K SR Ak 7K A A v 2 1 43 )
7 0.03~16.08.,0.03~16.41 mg - L™ #1 0.01~23.33 mg -
L7 M50 49 1.70.2.19 mg+ L7 F15.20 mg- L7, 2
SEEEH B B ZE T 22 5 (P<0.05) o NHi=N 7E = ~Af
1 0 e 43 51 0.02~2.06 mg - L (F K1) L 0.02~
2.24 mg- L' (SF-/K ) 10.01~3.92 mg- L™ (A 7k ) , °F
PIE 43 90 0.36.0.17 .0.44 mg- L7, Kt NHE-N 9 5F
TEM K W fe s, K B i, (A2 22 SR g
T NH-NVRE T BT 22 5 . NO--N7E =N
A e B A A, JE FEIAE 0.000 6~0.42 mg - L' (G- (H
0.05mg-L7"), 2B g« LG, HAS I NO-N W
THEENES.

=N DIN 24 LA NOS-N 8 35, 2 s e
15114 76.89% (3 2) o HUE NHI-N, H: 7 DIN i1 LE. 41
SR 20.31% . 4 AE DIN A Ho ) 24 26 30 1 I i
1245 22 5 (P<0.05) , Hir , NOs=N Jir o L 7E K
A% (67.52%) , TEAS K W 5 155 (84.06% ) ; NHi-N Jir
f7 E 8 00 A S KA d5 1 (29.51%) , 78 Al 7K 3 $5 AIG
(14.08%) . AHXTIMF , NO>—N ££ DIN H 8 75 i A X 45
I, X5 DIN Ve B K 2515 22 R BTk A K.

FR P (5 i K Th g X R (75 B0 & (2017) 8
) ARG A 1~ 16 T 3 I U T A A A T K
FH/K TAEFRUEY (GB 5749—2006) o #1519 2 AL LA M
il 12 R W B BRAEL (43 514 0.5 mg - L' Fi1 10 mg - L', 4]
2), 17~19 Wi 00 DAy 1A 07 A A T it 3R 7K B 458 5T £ s 1 )
(GB 3838—2002) Y IV 25 i, FLXT 22 00K B2 B FL 2
FRAE R 1.5 mg- L (& 2) o BB 2 BT7R , Rl 7k
14T 25% 1 W I W 1T NOS—N e B f b, Sk 99 5 =
TR B NOZ=N & BE R EAGI 240 R 5% , #R AR a7 32 22
L F U BE (B 2a) o AN, SF ARG K 44
22 W I O 1T (40 S2 T3 . T10.S12 . T19) it NHi-N ¥
JEE T R v B, R L5120 159% (11 2b) ¢
2.2 A3 DIN iR FE =5 8] 43 Fa 5 4E

26 2 FIE 2 Fi /%, = AN DIN ¥ 1 25 ] A
S R BB R AT 132.17%~184.67% , 156 W K 1 0]
DIN ¥ i HAG Ry 28 ) 22 7, T Bk B A b
IF 2 TR TR Hid NOs-N 5 DIN ¥ B 1y =5
) A8 AL ERAE AR, ST .S+ .82 TS5 25 |- it ] Bl AE i A
WF 5% 19 1] 259 88 Hh A2 08 O K AR AR ) (GB5749
—2006) Xt NO3—N ¥ F it B 2 FRAE, 4 1) J2& S1 a5, 78
AR 515 16.82 mg- L', H R NOs-N
VR P A R 1) A R B A A AE SR (AN T10) T A6 3]
BERY U A XTI . NHG—N AT NO;-N ¥ & 1) 25 [1] A8
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Table 2 Statistics of DIN concentration and fraction characteristics of the Dagu River

Fisf (1] Tt 25 EETC D()/i NH}{ NO;/i NO;/i DIN/ﬁ (NO¥/DIN)/  (NHi/DIN)/  (NO:/DIN)/
Date Type mg-L"! mg- 1" mg-L"! mg- L mg- L % % %
8 1 (n=19) SN 31.77 24.28 2.06 0.32 16.08 16.22 99.13 76.94 8.23
/M 24.62 2.26 0.02 0.000 6 0.03 0.05 19.48 0.43 0.43
S 28.71 10.39 0.36 0.044 1.70 2.10 67.52 2951 2.97
Pt O 2 232 6.38 0.60 0.07 3.76 3.88 21.98 21.71 2.37
WREK/%  8.07 61.41 169.98 167.71 221.08 184.67 32.55 73.58 79.80
10 A (n=20) SN 20.71 19.07 2.24 0.42 16.41 16.49 99.55 51.79 18.63
F/IME 12.72 4.67 0.02 0.000 8 0.03 0.06 38.85 0.30 0.15
S 18.68 11.77 0.17 0.064 2.19 2.37 79.09 17.34 3.57
PRt 2= 2.12 474 0.49 0.12 4.04 4.05 17.78 16.99 438
WREM%  11.37 40.27 287.53 192.61 184.36 170.96 22.48 97.99 122.77
1 A (n=20) SN 5.15 24.78 3.92 0.16 23.33 27.42 99.94 48.32 6.54
fFe/MAE 0.43 6.53 0.01 0.0017 0.01 0.03 48.74 0.03 0.03
A {H 3.22 14.70 0.44 0.037 5.20 5.68 84.06 14.08 1.86
Bt 22 1.38 3.92 0.99 0.04 6.99 7.51 15.35 14.16 1.66
WREKI%  42.85 26.65 224.37 119.44 134.32 132.17 18.26 100.60 89.54
S E 16.87 12.29 0.32 0.05 3.03 3.38 76.89 2031 2.80
Z 2R R EE (P <0.01 <0.01 0.275 0.655 <0.05 <0.05 <0.05 <0.05 0.149

ACERAE PE A AR L (& 2) , 3,82 . T10,S12 . T19 25 A5 ()
NH:-N I NO>—N ¥ AR 42 5

XFME NOS=N  NH;=N \NO;—N & & #1725 ] 38
oM, RDERIE 5 DX R Ry — 28 W T (1 3) <
AKHA, BE— 2 Wb T ( 1 28450 ST, 55 25 Eml
W (1128 ) 4045 T3 T10. T19,S12 f5, 55 =2 W i e
1 (T2 ) S A A 0 15 ASFF 5505~ K0, T 28 M i i v
£ 5 S1.T5.T10. S+, [ 2 Wai i 2 T19, 26
PSR 1S5 A S AR KN, T 240 75 W B 17T S1.T4
T5.T10.S+, 11 4G WD WT AT S2 . T3 . T19, 1125 3]
A2 DR

252 W I BT TR ) NOS=N \NHi=N F1 NO>-N “F-H ik
FE L 4 B, EATTE = AN T 2808 i B S48 43
5124 12.51.,0.05 mg- L7 #10.05 mg- L', 76 1 25 W7 i 114
S 244 FE 43 51 h 4.60,2.06 mg - L7 A10.22 mg- L7, 7E
10 2 W T 1) ~F- 349 R 32 43 531 4 0.64,0.07 mg - L7 F10.03
mg-L7 T BT NOS—N #5545 m , NHE-N ik i il
NO-N R BERA 5 1T S WM T 9 NH-N ¥ B2 AT NO-N
W NO-N VR R T T A2 [a] 5 T 2 1o
NO;=N  NH;=N FlI NO>-N [ B 41445

4525 1 I AT TR ) DIN 946 B8 R4 723 ) ik, [
5P, IE AT RAE H i NOS—-N A5 e i (1
K Z oA T LK, & B i NHE-N /975 42 B [

(M2 Z0MF il EHA RN, AR
VBT AT LEAS [T ) 258 [B) AT A T 22 5, n T 201
FERE ST HA RIAS TG I EL 1) R, 1 28 Th 45t 78
K /D, 1 B DIN 6 A [ st 3 (4 5 e i g e 7
YRR REAFTE S .
3 iTig
3.1 AR KA H DIN SRR 5 47

% 3 AT LR H, R T el 3 7 TE HE K
Ph K45 7K DIN ¥ BE 1) ~F- ¥ (i ¥ 5 T K o 4% Chen
SEAF 5T R 3 A g A R A BT K b i SRR T
A FE RN FERIEZ — . KIh i K
B NO3—N -5 3¢ & 535 38.39 mg- L' (£ 3) , [ Ik b
K R K R R 7K T 2 R TR ) NOS-N
Wl . Lorite—Herrera S IF 58 e B, ARV 36 8l 1 1
Jit HES T TE 2 5 S5O B R 2, AT 384 b 2R 7K A
H R K A NOS- NV BE o R3] it 3 I HE 7K Hh iy
NO-NF-14% B 4 17.03 mg- L7 (2 3) , FL R K HEA T
it LA S b 7K 2 4 T AR K A R NOS-N MR EE
FiAN A5 R AE 115 K AL R HEK H Y NOS-N Al
NH;-N e B34 5, JgeHE AT bt 2 3 ] 3t o
M DINWREE . 25 |, 4 7K 5] 3t 2 1] ) 7K A2 44
DL ARNE Rk 2% (15 K R HE TS 32 25 32 = 1T i DIN 17
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R Site

S9 T10 S11 S12 513 S14 S15T16 S17 T18 T19

SKFE H Site

30 [(d)DIN

SI S+ S2 T3 T4 TS5 S6 S7 T8
AAE R Site

P a1 10 mg- LI b H10.5 mg- L B REZR 3 508 WECA I8 B K TUAERRUE) (GB 5749—2006 ) H L7 ARSI £ P12 a0k JE R,
& b H 1.5 mg- LA ke 2k 32 m (b 32K SR BT 0t A i) (G B 3838—2002) Xif IV 2 /K S il 2 114 2 20 vk J32 FIA1
The dotted lines of 10 mg- L™ (a) and 0.5 mg-L™(b) corresponded to the limits of nitrate and ammonia nitrogen concentration established
by the Standards for Drinking Water Quality of China(GB 5749—2006) respectively,and the dotted line of 1.5 mg+L™(b) was the limit
of ammonia nitrogen concentration for the IV-level of Environmental Quality Standard for Surface Water of China(GB 3838—2002)

B2 57 DIN iR E R 2= 254k,

Figure 2 Temporal-spatial variation of dissolved inorganic nitrogen concentration in the Dagu River

7 o (R R, AP TR X & B IR A K R4 T
FEOMHT, AT RE R & IR B AN I DIN 3 Al A7 AE
M o
32 ARDINREZFHERHZME RS
R AR AR 7 AR IR A R e S A
Pz e R KA S A R AR
R (3 3) HE ARG, 22 (] 7K NOS-N B2 A A=
FR3 KGR R AT BESRIR A DIN 3K BE (mg- L")

Table 3 DIN concentrations of river water and its possible sources

in the Dagu River(mg-L™")

T H Items NO;-N NH:-N NO:-N DIN
7K 3.03 0.32 0.05 3.4
Rk 1.14 0.84 0.02 2
V5K AR HEK 10.71 1.84 0.02 12.57
THEEHEK 17.03 0.18 0.05 17.26

H R K 38.39 0.04 0.01 38.44

R B, T NHG-N ¥R BES N . 59 40, oK 76 21 i 1T T
BRI L S TR TS Y i B OK 8l e kA Ko
AT RS Ye Wy AT, 2 R BOE SR IE K 5K
Ab PR HE A S5 e U T K S T e AT A
T4 ) 378 7K A4 HR £ NOS=N Al NHE=N ffafh2, 3 4
SRR IAT DIN e B 55 [ 7K & 22 [8] B9 Pearson AH 73BT
SEIL AT DL H KR 5 NOS-N W B 2 ] 5L W 2% 1
AHOE, fH 5 NHI-N \NO>-N ¥R BE AR G AN B f , 3156
BB K 6 NOS—N W B 1 255 22 AP AR T 5 .
SR 1 B i NHI-N 9 B /K BB — o 7 B 4 T T 3 20 UV
R ER- A NES O N R T CN (5B ST oV @ E N 1:15] e
23 B FEREARNO-N ¥R, e 28 8 DIN ¥R B 7 =F 7k 3
B A1, P Mt 18 B R KOG = 7K 3 DIN A 52 0 AR A
P ER

JK X DIN ¥ AR A A 520 . 3 Painter® i
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Figure 3 Dendrogram of inorganic nitrogen concentration by

cluster analysis in the Dagu River for different seasons
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Figure 4 DIN concentrations of different space clusters in the

Dagu River
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Table 4 Correlation between DIN concentration and

rainfall/temperature
647 Index DIN NO:-N NH;-N NO:-N
T -0.96% -0.97#% -0.584 0.172
Rk it -0.863 -0.879% -0.481 -0.244

T # R FE 0.05 ZKF (U | 5835 MG ; ++ /R 7E 0.01 K (R
) - 8 A G
Note: * indicates a significant correlation at the 0.05 level (2—-tailed ) ,

## indicates a significant correlation at the 0.01 level (2—tailed ).
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